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(54) Improvements In or relating to obstacle advisory systems 



(57) An obstacle advisory system determines the 
likely trajectory 16 of a vehicle and possible waypoints 
17, 18 and 19 at predetermined intervals Ax along the 
trajectory 16. The system determines if the trajectory 16 
is straight or curved and dependent on this determina- 
tion uses an associated equation to determine the dis- 
tance Ax between waypoints 17, 18 and 19 along the 
likely trajectory 16. 

For a straight trajectory the interval Ax between 
waypoints 17, 18 and 19 is calculated by: 



Ax = iJr^ ' 



where R is the radius of a spherical region 20, 21 or 22 



around the vehicle and y is the radius of a notional min- 
imum sphere that encloses the vehicle. 

Then analysis determines whether or not a region 
20, 21 or 22 centred around its respective possible way- 
point 17, 18 and 19 includes an obstacle. If the region 
20, 21 and 22 does not include a obstacle then the sys- 
tem can disregard the volume' enclosed by the region 
20, 21 or 22 from further analysis^^thereby saving 
processing. Alternatively, the system subdivides the re- 
gion into smaller regions for further analysis and deter- 
mination as to whether or not the region still includes the 
obstacle. 

The results are displayed to an operator of the ve- 
hicle. Calculation of waypoints for a likely curved trajec- 
tory is also disclosed. 
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Description 

[0001] The present invention relates to an obstacle advisory system for a vehicle and to a method of detecting ob- 
stacles. 

5 [0002] An obstacle detection system needs to provide a vehicle operator with only essential information as to obsta- 
cles likely to collide with the vehicle. It is known for scanner type systems to detect the position of every potential 
obstacle in the environment relative to the vehicle. However, as the number of obstacles can be great, it is difficult for 
the vehicle operator to observe and track alt potential obstacles in the vicinity of the vehicle, especially if the vehicle 
is an aircraft such as a helicopter. For this reason, it is desirable that a obstacle detection system be able to discriminate 

10 the more dangerous obstacles and be able to display the information relative to the vehicle. 

[0003] It is an object of the present invention to obviate or mitigate the disadvantages associated with the prior art. 
[0004] According to a first aspect of the present invention an obstacle advisory system for a vehicle comprises means 
to determine the likely trajectory of the vehicle, means to detennine possible waypoints along the likely trajectory of 
the vehicle at predetermined intervals between possible waypoints, means to determine whether or not a predetermined 

15 zone around a possible waypoint includes an obstacle, means, should the predetermined zone include an obstacle, 
to subdivide the predetermined zone into reduced zones which are intersected by the likely trajectory, means to de- 
termine for each reduced zone whether or not that reduced zone includes an obstacle, and means to select each 
reduced zone which includes an obstacle for further subdivision and further selection until the reduced zones become 
a predetermined minimum size. 

20 [0005] In this manner, only those zones which initially include an obstacle are further examined by dividing the zone 
and again determining for each divided zone whether or not the reduced zone still includes an obstacle. Those zones 
that do not include an obstacle are no longer considered candidates for further division and selection. Accordingly, 
processing time for the system is reduced by focusing on only those zones that include an obstacle. 
[0006] Since the computation of possible obstacles to the vehicle along its likely trajectory needs to be repeated 

25 periodically, for example once a second, for all waypoints along the likely trajectory then the amount of processing time 
will normally increase. For example, if the number of obstacles are approximately fifty and the number of waypoints 
are about two thousand, then a total of one hundred thousand calculations needs to be performed by the system every 
second. Accordingly, the inventor has realized that a system which concentrates analysis on locations where a likely 
trajectory passes near to an obstacle will reduce the overall processing time. 

30 [0007] It should be understood that an object may be either wholly included in the zone of interest or may be partially 
included in the zone of interest. Accordingly, terms such as "include an obstacle" or "includes an obstacle" should be 
read in the light that the obstacle may either be partially or fully within the zone of interest. 

[0008] Preferably, the system includes means, should the predetermined zone not include an obstacle, to determine 
an increased zone by increasing the predetermined zone by a predetermined factor and means to determine whether 

35 or not an increased zone includes an obstacle. The predetemDined zone may be increased by a predetermined factor 
until the increased zone includes an obstacle. Preferably, the system includes means, should the increased zone 
include an obstacle, to subdivide the increased zone into reduced zones and means to determine for each reduced 
zone whether or not that reduced zone includes an obstacle and means to select each reduced zone which includes 
an obstacle for further subdivision and further selection until the reduced zones become a predetermined minimum size. 

40 [0009] Each predetermined zone may be defined by a spherical region having a predetermined radius and the spher- 
ical region may be centred around its respective possible waypoint. The reduced zones may be defined by reduced 
spherical regions having predetermined radii and each reduced spherical region may be centred around an intermediate 
point between possible waypoints and along the likely trajectory of the vehicle. The spherical region and reduced 
spherical regions may be reduced by reducing the radius of each spherical region. The radius of the spherical region 

45 and reduced spherical regions may be reduced by a factor of two. 

[0010] The increased zones may be defined by increased spherical regions having predetermined radii and each 
increased spherical region may be centred around its respective possible waypoint. The spherical region and increased 
spherical regions may be increased by increasing the radius of each spherical region. The radius of the spherical region 
and the increased spherical regions may be increased by a factor of two. 

50 [0011] The predetermined minimum size of the reduced zones may be substantially equal in volume to that of the 
vehicle. Alternatively, the predetermined minimum size of the reduced zones may be substantially equal in volume to 
that of the vehicle and an additional error margin. The additional error margin may be related to the detection error of 
the means to determine whether or not a zone around a waypoint includes an obstacle. 

[0012] The means to determine whether or not a zone around a waypoint includes an obstacle may be a laser radar 
55 apparatus. 

[0013] The waypoints may be substantially equally spaced along the likely trajectory of the vehicle at intervals sub- 
stantially equal to the radius of a spherical region enclosing the vehicle. The possible waypoints may be substantially 
equally spaced along the likely trajectory of the vehicle at intervals substantially equal to the radius of a spherical region 
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enclosing the vehicle and an additional error margin which may be related to the detection error of the means to 
determine whether or not a zone around a possible waypoint includes an obstacle. 

[0014] The means to detenmine the likely trajectory of the vehicle may also determine whether the likely trajectory 
is straight or curved. The means to determine whether or not the likely trajectory of the vehicle is curved may be 
determined by a non zero value from the formula: 



10 



15 



Min. Velocity 
Max, Acceleration 

where Min. Velocity is the minimum determined velocity of the vehicle over a predetermined time period and Max. 
Acceleration is the maximum determined acceleration of the vehicle over a predetermined time period. 
[001 5] The predetermined interval between possible waypoints on a straight likely trajectory may be determined from 
the formula: 



Ax = 2Jr^ - y- 



20 



25 



where Ax is the interval between possible waypoints, R is the radius of the spherical region and y is the radius of the 
vehicle. 

[0016] It should be noted that variables R and y of the above formula will be the same if the spherical region does 
not include an additional error margin. 

[001 7] The predetermined interval between possible waypoints on a curved likely trajectory may be determined from 
the fomiula: 



30 



Ax = 2 • • arccos 



1 -f 



2R 



Curve 



35 



40 



45 



SO 



where Ax is the interval between possible waypoints, R is the radius of the spherical region, Rcurve the radius of the 
curved trajectory and y is radius of the vehicle. 

[0018] Again, it should be noted that variables R and y of the above formula will be the same if the spherical region 
does not include an additional error margin. 

[0019] The vehicle may be an aircraft. For example, the aircraft may be a helicopter. Alternatively, the vehicle may 
be a road vehicle. For example, the road vehicle may be a car. As a further alternative the vehicle may be a marine 
vessel. For example, the marine vessel may be a ship. 

[0020] Preferably, the system includes a display means for conveying an indication of at least one obstacle and the 
position of the obstacle relative to the vehicle. 

[0021] According to a second aspect of the invention a method of detecting obstacles includes determining the likely 
trajectory of a vehicle, determining possible waypoints along the likely trajectory of the vehicle at predetermined inter- 
vals between possible waypoints, determining whether or not a predetermined zone around a possible waypoint in- 
cludes an obstacle, should the predetermined zone include an obstacle, subdividing the predetermined zone into re- 
duced zones which are intersected by the likely trajectory, determining for each reduced zone whether or not that 
reduced zone includes an obstacle, and selecting each reduced zone which includes an obstacle for further subdivision 
and further selection until the reduced zones become a predetermined minimum size. 

[0022] The invention will now be described, by way of example only, with reference to the accompanying drawings, 
in which: 



55 



Figure 1 illustrates an outline of the components of a obstacle advisory system according to the present invention; 

Figure 2 illustrates the calculation of waypoints for a vehicle following a straight trajectory; 

Figure 3 illustrates the calculation of waypoints having an increased spacing for a vehicle following a straight 
trajectory; 
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Figure 4 illustrates the calculation of waypoints for a helicopter following a curved trajectory, and 

Figure 5 illustrates the subdivision of a zone into smaller zones for further analysis of whether or not the zone 
includes an obstacle. 

5 

[0023] Referring to Figure 1, an obstacle advisory system 10 comprises processors 11 operably connected to a 
sensor 12, a navigational apparatus 13 and a display 14. In will be understood that the processor 11 receives inputs 
from the sensor 12 and the navigational apparatus 13, whilst it provides an output to the display 14 for viewing by an 
operator of a vehicle associated with the obstacle advisory system 10. The sensor 12 is operably connected to a sensor 

^o controller 15 which govems the operation of the sensor 12 so as to produce data corresponding to obstacles, not 
illustrated, in the direction of motion of the vehicle. The processor 1 1 analyses the data from the sensor 1 2 in accordance 
with a likely trajectory of the vehicle so as to determine whether or not an obstacle coincides with the likely trajectory 
of the vehicle. Information on possible collisions between the vehicle and an obstacle is indicated to the operator of 
the vehicle on the display 14 so that the operator may take avoiding action. The detenmining of the likely trajectory is 

15 made from information supplied by the navigation apparatus 13 to the processor 11 and the processor 11 determines 
possible collision of the vehicle with obstacles in the manner described below with reference to Figures 2 to 5. The 
likely trajectory of the vehicle is determined from the velocity of the vehicle relative to earth, the velocity of the vehicle 
relative to air and the acceleration and the angles describing the motion of the vehicle. This information is supplied by 
the navigation apparatus 1 3. 

20 [0024] Refen'ing to Figure 2, the obstacle advisory system 10 detennines for a vehicle, not illustrated, the vehicle's 
likely trajectory 16 and possible waypoints 17, 18 and 19 at predetermined intervals Ax along the likely trajectory 16. 
The predetermined intervals Ax between possible waypoints 17. 18 and 19 are dependent on the velocity of the vehicle 
and whether or not the vehicle is likely to follow a straight trajectory as illustrated in Figure 2 or likely to follow a curved 
trajectory as illustrated in Figure 3. The system 10 firstly determines whether or not the likely trajectory 1 6 of the vehicle 

25 is straight or cun/ed and dependent on this determination uses an associated equation to determine the distance Ax 
between possible waypoints 17, 18 and 19 along the likely trajectory 16. 

[0025] The system 10 uses information from the navigation apparatus in order to determine the likely trajectory 16 
of the vehicle based on the previous movement of the vehicle and the current speed and heading of the vehicle so as 
to extrapolate a likely trajectory 16 for the vehicle for a predetermined distance forward with respect to the motion of 
30 the vehicle's present position. 

[0026] The system 1 0 employs the following formula to determine whether or not the likely trajectory 1 6 of the vehicle 
is straight or cun/ed: 

35 M/'n. Velocity^ 

Max. Acceleration 

where Min. Velocity is the minimum determined velocity of the vehicle over a predetermined time period and Max. 
Acceleration is the maximum determined acceleration of the vehicle over a predetermined time period. If the result of 
40 this fonnula is zero then the likely trajectory 16 of the vehicle is straight, otherwise if the formula returns a non-zero 
value the likely trajectory 16 of the vehicle is curved. 

[0027] If it Is first assumed that the likely trajectory 16 has been determined to be straight, then referring to Figure 2 
and using the following formula it is possible to determine the interval A^ between each possible waypoint 17, 18 and 
19 along the likely trajectory 16: 

45 

Ax = zJr^'Y^ 

where Ax is the interval between possible waypoints 17, 18 and 19, R is the radius of a spherical region 20, 21 or 22 
50 around the vehicle and y is the radius of a notional minimum sphere that encloses the vehicle. 

It will noted from Figure 2 that the spherical region 20, 21 or 22 has a larger radius R than the radius y of the vehicle, 
in this particular example the difference between R and y is given by the following formula: 

/? = y + 1 metre 

[0028] The analysis of a conflict between the spherical region 20. 21 or 22 defined by R is used in place of the notional 
sphere defined by y so as to allow for measurement enrors of the sensor 15 in determining whether or not a spherical 
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region 20, 21 or 22 includes an obstacle. An example of a possible obstacle or obstruction could be a telephone wire 
or other type of cable suspended in the air between supports. 

[0029] Once the possible waypoints 17, 18 and 19 have been determined, typically one thousand waypoints which 
approximates to twenty seconds of movement of the vehicle at the maximum speed of the vehicle along its likely 

5 trajectory 16. then analysis is undertaken by the processor 11 to determine whether or not a spherical region 20. 21 
or 22 centred around its respective possible waypoint 17, 18 and 19 includes an obstacle. If the analysis concludes 
that the spherical region 20, 21 and 22 does not include a obstacle then the processor 11 can disregard the area 
enclosed by the spherical region 20, 21 or 22 from further analysis thereby saving processing time of the processor 1 1 . 
[0030] If a spherical region 20, 21 or 22 does not include an obstacle, then it is possible to increase the area of 

10 search, that is the volume enclosed by the spherical region 20, 21 or 22, by increasing the radius R by a predetermined 
factor, thereby defining new spherical regions 20*. 21' or 22', as illustrated in Figure 3. In this example the radius R is 
increase by a factor of two. Therefore, if it is assumed that the likely trajectory 1 6 of the vehicle has been determined 
to be straight as previously described, then for the present example the formula used to determine the interval Ax' 
between each possible waypoint 17', 18' and 19' along the likely trajectory 16 is now: 

15 

Ax' = iJlR^ - y- 

where Ax' is the interval between possible waypoints 17', 18' and 19', R is the radius of a spherical region 20', 21' or 
20 22' around the vehicle and y is the radius of a notional minimum sphere that encloses the vehicle. 

[0031] Accordingly, the processor 11 determines new waypoints 17', 18' and 19' having a greater spacing Ax' than 
previously described with reference to Figure 2 and the associated spherical regions 20', 21' and 22' enclose a greater 
volume around the waypoint 17', 18' and 19'. In this manner, should an initial spherical region 20, 21 or 22 not include 
an obstacle then the processor 11 can decide to use a larger spherical region 20', 21' or 22'. It will be understood that 
25 the spherical regions 20*. 21' and 22' can be expanded by any suitable factor until a spherical region 20', 21' or 22' 
includes an obstacle. 

[0032] Referring to Figure 4. should the spherical region 20 or 21 as described with reference to Figure 2 include an 
obstacle, the processor 11 subdivides the spherical region 20 or 21 into two smaller spherical regions 20a and 20b 
and 21a and 21b, each smaller spherical region 20a and 20b and 21a and 21b being centred on a newly calculated 
30 waypoint 1 7a and 1 7b and 1 8a and 1 8b and each of which intersect the likely trajectory 1 6 of the vehicle. Therefore, 
if it is assumed that the likely trajectory 16 of the vehicle has been determined to be straight as previously described, 
then for the present example the formula used to determine the interval Ax" between each possible waypoint 17a, 1 7b, 
18a and 18b along the likely trajectory 16 is: 

35 




where Ax" is the interval between possible waypoints 17a, 17b, 18a and 18b, R is the radius of a spherical region 20a, 
20b, 21a or 21b around the vehicle and y is the radius of a notional minimum sphere that encloses the vehicle. 
Accordingly, the processor 11 determines new waypoints 17a, 17b, 18a and 18b having a reduced spacing Ax" than 
previously described with reference to Figure 2 and the associated spherical regions 20a, 20b, 21a and 21b enclose 

45 a smaller volume around its respective waypoint 17a, 17b, 18a and 18b. In this manner, should an initial spherical 
region 20, 21 or 22 include an obstacle then the processor 11 can decide to use a smaller spherical region 20a. 20b, 
21 a or 21 b. it will be understood that the spherical regions 20a, 20b, 21a or 21 b can be reduced by any suitable factor 
until the radii of the spherical regions 20a, 20b, 21a or 21b become substantially equal to the radius y of a notional 
minimum sphere that encloses the vehicle. 

50 [0033] In this manner, only those spherical regions which initially include an obstacle are further examined by dividing 
the spherical region into reduced spherical regions and again determining for each reduced spherical region whether 
or not that region still includes an obstacle. Those spherical regions that do not include an obstacle are no longer 
considered candidates for further division and selection. Accordingly, processing time for the system 10 is reduced by 
focusing on only those spherical regions that include an obstacle. 

55 [0034] Previously in the description with reference to Figures 2 to 4 it has been assumed that the likely trajectory of 
the vehicle will follow a straight line, but it is possible that the processor may determine that the likely trajectory will 
follow a curved path. Referring to Figure 5, the obstacle advisory system 10 determines for a vehicle, not illustrated, 
the vehicles likely trajectory 50 and possible waypoints 51 and 52 at predetermined intervals Ax along the likely tra- 



5 



EP 1 265 078 A2 



jectory 50. The predetermined intervals Ax between possible waypoints 51 and 52 are dependent on the velocity of 
the vehicle and whether or not the vehicle is likely to follow a straight or curved trajectory. The system 10 uses infor- 
mation from the navigation apparatus 13 In order to determine the likely trajectory 50 of the vehicle based on the 
previous movement of the vehicle and the current speed and heading of the vehicle so as to extrapolate a likely trajectory 
50 for the vehicle for a predetermined distance forward with respect to the motion of the vehicles present position. 
Should the processor 11 predict that the vehicle is likely to follow a curved trajectory then referring to Figure 5 and 
using the following formula it is possible to determine the interval Ax between each possible waypoint: 



Ajc = 2 • Rcurve ' ^rccos 



1 + 



^ ^Curve ' incurve ^ y) 



where Ax is the interval between possible waypoints, R is the radius of the spherical region, Rcurve radius of the 
curved trajectory and y is the radius of a notional minimum sphere that encloses the vehicle. 
[0035] The determination as to whether or not the an obstacle is included in a spherical region 53 or 54 and whether 
or not to reduce or increase the distance Ax between possible waypoints 51 or 52 and correspondingly reduce or 
Increase the volume of the spherical region 53 or 54 is completed as previously described with reference to Figures 2 
to 4. 



Claims 

1. An obstacle advisory system for a vehicle, comprising 
means to determine the likely trajectory of the vehicle, 

means to determine possible waypoints along the likely trajectory of the vehicle at predetermined intervals between 
possible waypoints, 

means to detennlne whether or not a predetermined zone around a possible waypoint includes an obstacle, 
means, should the predetermined zone include an obstacle, to subdivide the predetermined zone into reduced 

zones which are intersected by the likely trajectory, 

means to determine for each reduced zone whether or not that reduced zone includes an obstacle, and 
means to select each reduced zone which includes an obstacle for further subdivision and further selection until 
the reduced zones become a predetermined minimum size. 

2. An obstacle advisory system, as In Claim 1, including means, should the predetermined zone not include an ob- 
stacle, to determine an Increased zone by increasing the predetermined zone by a predetermined factor and means 
to determine whether or not an increased zone includes an obstacle. 

3. An obstacle advisory system, as in Claim 2, wherein the predetermined zone is increased by a predetermined 
factor until the increased zone includes an obstacle. 

4. An obstacle advisory system, as in Claim 3, including means, should the increased zone include an obstacle, to 
subdivide the increased zone into reduced zones and means to determine for each reduced zone whether or not 
that reduced zone includes an obstacle and means to select each reduced zone which includes an obstacle for 
further subdivision and further selection until the reduced zones become a predetermined minimum size. 

5. An obstacle advisory system, as in any preceding claim, wherein each predetermined zone is defined by a spherical 
region having a predetermined radius and the spherical region is centred around its respective possible waypoint. 

6. An obstacle advisory system, as in any preceding claim, wherein the reduced zones are defined by reduced spher- 
ical regions having predetermined radii and each reduced spherical region is centred around an intermediate point 
between possible waypoints and along the likely trajectory of the vehicle. 

7. An obstacle advisory system, as in Claim 6. wherein the spherical region and reduced spherical regions are reduced 
by reducing the radius of each spherical region. 

8. An obstacle advisory system, as in Claim 7. wherein the radius of the spherical region and reduced spherical 
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regions are reduced by a factor of two. 

9. An obstacle advisory system, as in Claims 2 to 8, wherein the increased zones are defined by increased spherical 
regions having predetermined radii and each increased spherical region are centred around its respective possible 

5 waypoint. 

10. An obstacle advisory system, as in Claims 5 to 9, wherein the spherical region and Increased spherical regions 
are increased by increasing the radius of each spherical region. 

10 1 1 . An obstacle advisory system, as in Claim 1 0. wherein the radius of the spherical region and the increased spherical 
regions are increased by a factor of two. 

12. An obstacle advisory system, as in any preceding claim, wherein the predetermined minimum size of the reduced 
zones are substantially equal in volume to that of the vehicle. 

15 

13. An obstacle advisory system, as in Claims 1 to 11 , wherein the predetermined minimum size of the reduced zones 
are substantially equal in volume to that of the vehicle and an additional error margin. 

14. An obstacle advisory system, as in Claim 13. wherein the additional error margin is related to the detection error 
20 of the means to determine whether or not a zone around a waypoint includes an obstacle. 

15. An obstacle advisory system, as in any preceding claim, wherein the means to determine whether or not a zone 
around a waypoint includes an obstacle is a laser radar apparatus. 

25 16. An obstacle advisory system, as in any preceding claim, wherein waypoints are substantially equally spaced along 
the likely trajectory of the vehicle at intervals substantially equal to the radius of a spherical region enclosing the 

vehicle. 

17. An obstacle advisory system, as in Claims 1 to 16, wherein possible waypoints are substantially equally spaced 
30 along the likely trajectory of the vehicle at intervals substantially equal to the radius of a spherical region enclosing 

the vehicle and an additional error margin which is related to the detection error of the means to determine whether 
or not a zone around a possible waypoint includes an obstacle. 

18. An obstacle advisory system, as in any preceding claim, wherein the means to determine the likely trajectory of 
35 the vehicle also determines whether the likely trajectory is straight or curved. 

19. An obstacle advisory system, as in Claim 18, wherein the means to determine whether or not the likely trajectory 
of the vehicle is curved is determined by a non zero value from the formula: 

40 

Min. Velocity 
Max. Acceleration 

where Min. Velocity is the minimum determined velocity of the vehicle over a predetermined time period and Max. 
45 Acceleration is the maximum determined acceleration of the vehicle over a predetermined time period. 

20. An obstacle advisory system, as In Claim 5 to 19, wherein the predetermined interval between possible waypoints 
on a straight likely trajectory is determined from the formula: 

rr— 2 

Ax = 2VR^ - 

where Ax is the interval between possible waypoints, R is the radius of the spherical region and y is the radius of 
the vehicle. 

55 

21. An obstacle advisory system, as in Claims 5 to 19, wherein the predetermined interval between possible waypoints 
on a curved likely trajectory is determined from the formula: 
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1 + 



where Ax is the interval between possible waypolnts, R is the radius of the spherical region, Rcurve radius 
of the curved trajectory and y is radius of the vehicle. 

10 22. An obstacle advisory system, as in any preceding claim, wherein the vehicle is an aircraft, 

23. An obstacle advisory system, as in any preceding claim, wherein the vehicle is a road vehicle. 

24. An obstacle advisory system, as in any preceding claim, wherein the vehicle is a marine vessel. 

15 

25. An obstacle advisory system, as in any preceding claim, including a display means for conveying an indication of 
at least one obstacle and the position of the obstacle relative to the vehicle. 



26. An obstacle advisory system, substantially as illustrated in and/or described with reference to the accompanying 
20 drawings. 



27. A method of detecting obstacles, including 
determining the likely trajectory of a vehicle, 

determining possible waypoints along the likely trajectory of the vehicle at predetermined intervals between pos- 
25 sible waypoints, 

determining whether or not a predetermined zone around a possible waypoint includes an obstacle, 

should the predetermined zone include an obstacle, subdividing the predetermined zone into reduced zones which 

are Intersected by the likely trajectory, 

detemnining for each reduced zone whether or not that reduced zone includes an obstacle, and 
30 selecting each reduced zone which includes an obstacle for further subdivision and further selection until the 

reduced zones become a predetermined minimum size. 



28. A method of detecting obstacles substantially as illustrated in and/or described with reference to the accompanying 
drawings. 

35 



40 



45 



50 
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